Spectroscopic and Langmuir probe measurements are presented to characterize the argon glow discharge plasma generated by a cost-effective 50 Hz AC power source. Optical emission spectra (400nm-700nm) are recorded for different gas flow rates and filling pressures at constant power level. The plasma parameters (electron temperature and density) are deduced from the relative intensities of Ar-I and Ar-II lines. The variation in the intensity ratio of the selected emission lines, electron temperature and density is studied as a function of gas flow rate and filling pressure. Slight increase in the intensity ratio I 2 (426.62nm) / I 1 (404.44nm) of the emission lines is observed whereas the electron temperature and density are found to decrease with increase in gas flow rate and filling pressure.
Introduction
There is a growing interesting in the study of AC and DC discharges for there potential application in diverse industrial disciplines for surface modification, etching, Plasma assisted and plasma enhanced chemical vapor deposition. However, to be able to use the discharges in different applications, it is essential to have detailed information about plasma electron density and temperature and to have control on these parameters. The efficiency of the processes occurring in the plasma and there reaction rates are generally dependent on the density of the charged particles and there energies.
Two Popular Techniques (a)Optical Emission Spectroscopy (b)Langmuir Probe Measurements
Optical emission Spectroscopy (OES) is the most popular technique to investigate glow discharges Since it is simple and that it produces no perturbation in the plasma. A commonly employed convenient method of temperature determination is the two-line emission ratio methods, which yields the electronic excitation temperature T exc that can then be equated to the electron temperature T e.
The electron density may be determined from the measurement of the relative intensities of atomic and ionic lines.
Where I 1 , λ 1 , g 1 and A 1 are the total intensity (integrated over the profile), the wavelength, the statistical weight and the transition probability, respectively of one line with E 1 its excitation energy. The corresponding quantities for the other line are I 2 , λ 2 , g 2 , A 2 and E 2
Langmuir Probe is another simple but valuable techniques employed to characterize the plasma parameters. The I-V characteristics obtained from the data can be used to determined the electron temperature and density.
The electron temperature is deduced from the slope of the I-V characteristic in the transition region Explicitly, the formula is:
whereas electron density ( n e ) is calculated from the electron saturation current using the equation The results presented in figure-4 The electron temperature is deduced from the intensity ratio of The effects of different gas flow rates and filling pressures are investigated on electron temperature and density. It is found that both the temperature and the density fall with the increase in gas flow rate and filling pressure. This is due to the fact that when fresh gas is injected into the chamber at constant pressure, the particles of the gas having lower kinetic energy make collisions with the energetic electrons inside the chamber and reduce their energy. The energetic electrons, which leave the chamber along with the gas particles via outlet valve, also result in the reduction of electron temperature. The reduction of temperature with the increase in filling pressure may be explained as follows. When the pressure in the chamber increases, it causes an increase in the number of collisions between the electrons and the gas atoms. As a result the energy transferred from the electrons to the gas particles increases causing an increase in the gas temperature by lowering the electron temperature.
The temperature calculated from the Langmuir probe technique is somewhat higher than the temperature measured from the spectroscopic technique. It may be due to the following reasons. Firstly, the electron temperature is obtained from the I-V characteristic of the probe on the assumption that the electron energy distribution function is Maxwellian. For Maxwellian plasma the transition region should be well presented by a straight line on the semi log graph. Departure from linearity for this semi-log plot indicates that the velocity distribution function is not Maxwellian, and the information about plasma parameters is not accurate When the probe is inserted into the plasma, due to perturbation, the electron energy distribution function is not well represented by a Maxwellian distribution and inaccurate results are inferred. Secondly, when the probe is inserted into the plasma, quick contamination of an initially clean surface appears as a resistive surface layer. This contamination effects the measured electron temperature T e , which is a sensitive indicator of probe surface cleanliness. Electron temperature obtained from the I-V characteristic of the contaminated probe show an erroneously high value of T e . Other parameters are also inaccurately inferred due to contamination effects of the probe. Figure 7 shows the effects of gas flow rate and filling pressure on the electron number density and indicates that the electron density decreases with increase of gas flow rate and filling pressure, which may be explained as follows. The mechanism of excitation and ionization of atomic and ionic species in argon plasma is supposed to occur mainly by electron impact. When the filling pressure and gas flow rate is increased, the high-energy tail of the electron energy distribution function contracts to the lower energies. Therefore the ionization, which results from the energetic electron's impact with gas particles, is reduced.
Conclusion
In conclusion, the plasma analysis is carried out using OES and Langmuir probe. The electron temperature and density have been evaluated in terms of their dependence on the gas flow rate and filling pressure. The aim of this work is to have an optimum control on plasma parameters, which is the starting point for plasma enhanced chemical processing such as film deposition, modication of surfaces and etching of surface layers. These results contribute to a better understanding of mechanisms occurring in the argon discharge and provide efficient control on the electron plasma parameters.
